Fine needle aspiration biopsy (FNAB) is the gold standard for the diagnosis of lymphoma in Hashimoto's thyroiditis and is able to differentiate between benign, inflammatory or malignant nodules, classifying them as either true nodules or pseudonodules. This technique is, however, invasive. The present study aimed to differentiate pseudonodules from true nodules by sonoelastography, a noninvasive technique, in 54 patients with Hashimoto's thyroiditis. The accuracy of sonoelastography to differentiate between true or pseudonodules was compared with the gold standard FNAB and with grey scale ultrasonography. The nodules were categorized into three groups: nondemarcated hypoechogenic, demarcated hyperecho genic, and demarcated hypoechogenic. Sono elastography findings were concordant with the cytopathological results and demonstrated that sonoelastography was able to detect true thyroid nodules often misdiagnosed by conventional grey scale ultrasonography. Sonoelastography was found to have increased sensitivity for true nodule diagnosis compared with conventional grey scale ultrasonography and may eliminate unnecessary FNABs being carried out.
Introduction
Hashimoto's thyroiditis, also known as chronic lymphocytic thyroiditis, is an autoimmune disease mediated by autoantibodies that target thyroid peroxidase and/or thyroglobulin, and cause the gradual destruction of follicles in the thyroid gland. Hashimoto's thyroiditis is one of the most common causes of hypothyroidism; it is up to 15 times more common among women than men and affects at least 2% of all women, with peak incidence between the ages of 30 and 50 years, and may coexist with other autoimmune disorders. 1 -4 Hashimoto's thyroiditis is characterized by the presence of T-lymphocytes and other leucocytes in thyroid tissue and can be associated with non-Hodgkin's lymphoma. 1, 2 Involvement of the thyroid gland in D Yildirim, B Gurses, B Gurpinar et al.
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Hashimoto's thyroiditis may be asymmetrical and means that surgical consultation is usually required. 1 -5 Diagnosis of lymphoma in Hashimoto's thyroiditis, besides other primary parenchymal neoplasms, depends on nodule differentiation in the thyroid gland. 2, 5 Fine needle aspiration biopsy (FNAB) can be used to differentiate between benign, inflammatory or malignant nodules and classify them as either true nodules or pseudonodules. 6 In nodular goitre, cytology reveals abundant watery colloid, small follicular cells with dark nuclei that are arranged in monolayer sheets, groups with follicle formation or single cells. On the other hand, FNAB specimens from patients with thyroiditis who present with distinct nodules usually show scant colloid, Hürthle cells, follicular cells, lymphocytes and few plasma cells. Lymphocytes are usually seen in the background, percolating between cell groups and, in some cases, an intact lymphoid follicle may be seen. 7 Despite its accuracy for diagnosis, FNAB is categorized as a minimally invasive intervention. 8 In contrast, sonoelastography is a noninvasive method that differentiates between true nodules and pseudonodules by determining the mechanical stiffness of tissue. The principle of sonoelastography is based on tissue compression, which produces displacement (strain) within the tissue being analysed. Measurements show that tissue strain is less in harder tissue compared with soft tissue. By measuring the tissue strain induced by compression, it is possible to estimate tissue hardness, which may be useful in diagnosing the degree of tissue cellularity. 9 Depending on the cellularity or composition of the nodule, different levels of stiffness may be observed in thyroid lesions. The information gained from sonoelastograms enables the relative stiffness of the lesion to be compared with that of surrounding tissues and also within the thyroid itself. 10 -13 The strain images or elastograms can be displayed as a colour map using new generation ultrasonography (US) systems. 13 -17 The present study analysed the differentiation status of nodules from patients with Hashimoto's thyroiditis by sonoelastography, as a way to diagnose lymphoma without unnecessary surgical interventions or invasive approaches.
Patients and methods

STUDY POPULATION
This multicentre, prospective, single-blind study was conducted at Kasimpasa Military Hospital, Yeditepe University Hospital and VKV American Hospital, Istanbul, Turkey and recruited consecutive patients diagnosed with Hashimoto's thyroiditis between May 2009 and May 2010. Inclusion criteria were: parenchymal echoheterogenity; elevated blood levels of antithyroid antibodies (antithyroid peroxidase antibody and antithyroglobulin antibody); the presence of nodular lesions where two observers agreed on the demarcation and echogenity as measured by US; a body mass index of 18 -30 kg/m 2 ; and anteroposterior diameter of the thyroid gland of 8 -30 mm where the largest nodule had a diameter of between 8 and 20 mm. All patients received a detailed clinical examination, including thyroid function tests, and thyroid autoantibody titres were measured.
The study protocol was approved by the Institutional Review Board of Yeditepe University School of Medicine Clinical Research Evaluation Committee, Istanbul, Turkey. Verbal informed consent was obtained from all patients included in the study.
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RADIOLOGICAL EVALUATION
Grey scale and Doppler US analyses of the thyroid gland and sonoelastographic evaluations were performed by different radiologists (D.Y., B.C.) using the same equipment (Acuson S2000™; Siemens, Erlangen, Germany). The patients were divided into three groups according to their grey scale US results: group I consisted of patients with non-demarcated hypoechogenic focal areas; group II comprised patients with demarcated hyperechogenic focal areas; and group III were those patients with demarcated hypoechogenic nodular lesions. Of these nodules, the most dominant lesion was referred to as 'the focused lesion'. If the dominant lesion was purely demarcated or vascularized differently (less or more than native parenchyma) according to US, it was referred to as a true nodule. If the nodule was not demarcated it was evaluated as a pseudonodule. The dominant lesions were further studied by sonoelastography by a different radiologist (B.G.) who was blinded to the former US results. If the elasticity of the nodule was greater or lesser than the basal parenchymal elasticity and occupied ≥ 50% of the surface area of the nodule itself it was categorized as a true nodule. If the nodule was isoelastic it was categorized as a pseudonodule. A 12 MHz linear transducer was used in the sonoelastographic examination. The transducer was pressed perpendicularly against the tissue and specific receptors in the US system quantified the compression and directed the examiner to standardize the amount of compression. This standardization is referred to as the 'quality factor' and the manufacturer of the Acuson S2000™ system advises a value of 60 -80. Nodules that were classified as focused lesions by US were then further analysed by FNAB ( Fig. 1 ).
PATHOLOGICAL EVALUATION
All specimens were stained with May-Grünwald-Giemsa solution and evaluated by the same pathologist (A.K.), who was blinded to the US and sonoelastography results. Results were recorded as either true nodules or pseudonodules of the thyroid gland. Adequacy of the specimens analysed was evaluated according to the following criteria 18 : (i) specimens were adequate if at least five groups of 10 cell clusters were present, whereas values less than that were termed hypocellular; (ii) specimens with no cells present were termed acellular; (iii) specimens with many more cells than considered as 'adequate' in (i) were termed hypercellular.
Besides cellularity, neoplastic criteria were also evaluated and taken into consideration. The cytological features of follicular neoplasms were hypercellularity with prominent nuclear overlapping and crowding, whereas the cytological features of papillary thyroid carcinoma were an enlarged oval and irregular nucleus, eccentric and often multiple micronucleoli, fine pale chromatin, longitudinal intranuclear grooves and intranuclear pseudo-inclusions. 10 
STATISTICAL ANALYSES
All statistical analyses were performed using SPSS ® statistical software, version 15.0.1 (SPSS Inc., Chicago, IL, USA) for Windows ® . Continuous data are shown as mean ± SD. The χ 2 -test was used to compare nonparametric data (gender, age, gland and nodular vascularity) and one-way analysis of variance was used to determine statistically significant variances of parametric data (body mass index and the anteroposterior diameter of the lobe bearing the nodule 
Results
A total of 168 patients were enrolled in the Demographic and clinical characteristics are shown in Table 1 .
Sonoelastography and US analyses demonstrated different true nodule and pseudonodule numbers compared with the FNAB analysis ( Table 2 ). In group I (nondemarcated hypoechogenic), US imaging showed that all 33 cases had pseudonodules present, but no true nodules, although at least one non-demarcated but suspicious nodule was observed. In contrast, FNAB analysis identified two cases as true nodules and 31 cases as pseudonodules, which were probably due to thyroiditis. Sonoelastography identified one case with a demarcated strain as being a true nodule, whereas analysis of the other 32 cases gave isoelastic measurements suggesting that they were pseudonodules.
Analysis by FNAB of the 12 cases in group II (demarcated hyperechogenic) revealed nine cases as true nodules (benign colloidal nodules) and three cases as pseudonodules ( Table 2 ). Sonoelastography agreed with this, as determined by 'aliasing' on the sonoelastography images ('aliasing' is a term used to describe the colour scattering seen on the monitor caused by tissue movement, compression or vibration: pseudonodules have similar colour and features to the background, whereas true nodules have different colour and features 
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compared with the background). Grey scale US imaging identified 12 cases of true nodules and none with pseudonodules. Three pseudonodules were demarcated on grey scale US imaging but sonoelastographic assessment revealed identical colour 'aliasing', which indicated isoelasticity of the nodular area in concordance with background parenchyma also affected by Hashimoto's thyroiditis.
The nine cases in group III (demarcated hypoechogenic) showed three cases as true nodules (benign colloidal nodules) and six as pseudonodules on FNAB analysis, whereas US imaging showed all nine cases as containing true nodules. Sonoelastography identified five true nodules: three were concordant with the cytopathological results and were demarcated in the strain images, whereas the other two were falsely identified as true nodules ( Table  2) . Four other cases in group III were correctly identified as pseudonodules on sonoelastography. No malignancy was reported in the FNAB reports.
For the differentiation of pseudonodules from true nodules, grey scale US analysis had a sensitivity of 85.7%, specificity of 77.5%, positive predictive value of 57.1%, negative predictive value of 93.9% and accuracy of 79.6%. Equivalent values for sonoelastography were sensitivity 92.9%, specificity 95.0%, positive predictive value 86.7%, negative predictive value 97.4% and accuracy 94.4%. The areas under the ROC curves (success rates) were 0.816 for US and 0.939 for sonoelastography (P = 0.0001; Fig.  2 ). Comparison between US and FNAB gave a correlation of 54.4% between the two methods, whereas sonoelastography versus FNAB demonstrated a correlation of 85.9% (κ analysis); both the US imaging and sonoelastography results significantly correlated with the results obtained by FNAB (P = 0.0001 for both, McNemar test). Data presented as n (%) of patients.
Discussion
Hashimoto's thyroiditis involves both the inflammatory process and nodule development within the gland itself, and US is one of the most commonly used diagnostic tools. 19 Besides the presence of true thyroid nodules (adenomatous, hyperplastic or colloidal nodules), basal inflammatory changes such as fibrotic bands and pseudonodule development may also be seen. 5 No criteria have been established, however, to diagnose and differentiate the two distinct groups of nodules by US. 20 -23 Thus, in cases where there are suspicions of the presence of real nodules, either conservative monitoring or biopsy/surgery might be needed for diagnosis, but both choices have financial and time implications. 23 -25 Hashimoto's thyroiditis and related nodular lesions have been widely studied. 23 -29 These previous studies have focused on nodules > 1 cm in size and achieved a low level of accuracy (≤ 75%) for the differentiation of malignant and benign nodules. For nodules ≤ 1 cm, sensitivity in the differentiation of malignant nodules was shown to decrease to as low as 37%. 25 During evaluation of multiple nodular features (dimension, vascularity, contour-halo regularity, localization), sensitivity and accuracy may increase to 78%. 24, 25 These studies offer little information about the differentiation status of the nodules themselves. Often it is only reported that echogenic thyroid nodules are commonly benign, or that hypoechogenic nodules must be closely observed. 10 The occurrence of pseudonodular hypoechogenicity in Hashimoto's thyroiditis, however, has been reported as nearly 50%, due to basal parenchymal echogenic changes and fibrotic bands. 10 The present study focused specifically on differentiating between true nodules and pseudonodules in Hashimoto's thyroiditis patients, comparing sonoelastography with US and FNAB analyses. Importantly, the study groups were clearly standardized in order to ensure that differences were solely due to the ability of the procedures to differentiate between the nodular lesions. 2 A number of different studies with various protocols related to sonoelastography have been published, including manual or automatic compression, direct compression, or indirect compression via the carotid pulse; however, the common purpose of these is to determine the stiffness of the lesion tissue. 30 It has also been reported that independent observers may differ in their diagnosis of malignant thyroid nodules. 31 Studies have indicated, however, that measuring the stiffness index of nodules to differentiate malign thyroid nodules from pseudonodules may be a promising technique. 31 -33 The present study evaluated nodules in Hashimoto's thyroiditis patients using conventional US and sono elastography strain images to determine the demarcation of nodules, with FNAB as the gold standard for comparison. The aim was to use sonoelastography to differentiate pseudonodules, which partially mimic normal gland histology, from the true thyroid nodules using isoelastic strain images demarcated with different 'aliasing' patterns. This procedure quantified the amount of compression with a quality factor. We had no software to measure the stiffness index, so localization of the nodules was mapped from the sonoelastography images and FNAB samples were taken directly. The present study demonstrated that sonoelastography was accurate in the differentiation between true nodules and pseudonodules in two ways. First, the falsepositive pseudonodules decreased from 6% to 3% using sonoelastography. Secondly, echogenic nodules, where the correction ratio could be as high as 25%, were frequently reported as benign, which meant that the main challenge was to differentiate the hypoechogenic demarcated nodules. 2, 10 Sonoelastography corrected false results by as much as 45%. The increase in false positives (two of nine cases) is a tolerable disadvantage of sonoelastography rather than misdiagnosing a real thyroid nodule.
There were a number of limitations to the present study: the quality factor was between the determined limits set during the study and the method was semiquantitative. As a result, three different qualified observers retrospectively evaluated the recorded real time images and compared the biopsy localizations in order to eliminate any subjectivity. The best way to evaluate this was to use the most appropriate statistical assessment in a cross-table format to obtain sensitivity and specificity levels. The subgroups were evaluated separately and the comparisons were calculated using the most commonly measured accuracy level. The main groups were compared for significance by all the parameters. 34 The present study demonstrated that sonoelastography can detect true thyroid nodules that are often misdiagnosed by conventional US. Comparison of values for sonoelastography and conventional US demonstrated an increase in sensitivity from 85.7% to 92.9%, specificity from 77.5% to 95.0%, and accuracy from 79.6% to 94.4%, respectively. Thus, sonoelastography is an accurate technique with which to identify nodular lesions of the thyroid gland, similar in sensitivity to FNAB, but avoiding the use of invasive biopsies or surgical interventions.
